Carboxyfluorescein succinimidyl ester (CFSE) is an effective and popular means to monitor lymphocyte division [1] [2] [3] . CFSE covalently labels longlived intracellular molecules with the fluorescent dye, carboxyfluorescein. Thus, when a CFSE-labeled cell divides, its progeny are endowed with half the number of carboxyfluorescein-tagged molecules and thus each cell division can be assessed by measuring the corresponding decrease in cell fluorescence via Flow cytometry. The capacity of CFSE to label lymphocyte populations with a high fluorescent intensity of exceptionally low variance, coupled with its low cell toxicity, make it an ideal dye to measure cell division. Since it is a fluorescein-based dye it is also compatible with a broad range of other fluorochromes making it applicable to multi-color flow cytometry. This article describes the procedures typically used for labeling mouse lymphocytes for the purpose of monitoring up to 8 cell divisions. These labeled cells can be used both for in vitro and in vivo studies.
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Video Link
The video component of this article can be found at http://www.jove.com/video/2259/ Protocol 1) Reagent Setup
1.1) CFSE stock solution
The CFSE dye is purchased as carboxyfluorescein diacetate succinimidyl ester (CFDA, SE) (MW 557.47 g/mole), typically in 25 mg vials. Dissolve the 25 mg in 8.96 mL DMSO for a final stock solution of 5 mM (store as 50-100 μL aliquots at -20 °C for several months). CFDA, SE will react with aqueous solution so it is critical that such exposure be avoided during storage.
1.2) Lymphocytes
Isolate lymphocytes from spleen and or lymph nodes from mice and resuspend in 1 mL of culture medium (e.g. RPMI) with 5% heat-inactivated (HI) fetal calf serum (FCS), with a cell concentration of between 0.5 x 10 6 -10 x 10 7 /mL.
2) CFSE Labeling

2.1) Routine method:
a. Thoroughly resuspend cells in the 1 mL volume of medium and place carefully in the bottom of a fresh (non-wetted) 10 mL conical tube. b. Lay the tube horizontally (using a non-wetted tube will prevent the 1 mL-cell suspension from moving and prematurely mixing with the CFDA, SE solutions). c. Carefully add 110 μL of PBS to the non-wetted portion of the plastic at the top of the tube ensuring it does not make contact with the cell solution. d. Resuspend 1.1 μL of the 5 mM stock of CFDA, SE in the 110 μL PBS. e. Quickly cap the tube and invert and vortex well to get quick uniform mixing of the solutions. Note that the CFSE dye is at a final concentration of 5 μM, however, the optimum concentration may have to be determined for each batch prepared, and then checked every 6 months to ensure it is effective. f. Incubate cells for 5 min at room temperature. Note that upon conversion of CFDA, SE to CFSE (see discussion) the dye becomes fluorescent and thus prone to bleaching by exposure to excessive light. Thus, it is advisable to protect the tube from light from this point on, for example by covering it with aluminum foil.
):
a. Prepare a 2 x (10 μM) CFDA, SE solution by adding 2 μL of the 5 mM stock to 1 mL of PBS and quickly add this to 1 mL of thoroughly resuspended cells, then quickly cap the tube and invert and vortex well to get quick uniform mixing. b. Incubate the cells for 5 min at room temperature and wash as in steps 2.1(f) and 2.1(g). 
2.3) Cells
3) Representative Results
To assess lymphocyte proliferation by CFSE dilution, it is useful to know the fluorescence of undivided cells (i.e. maximum fluorescence) and non-labeled cells (i.e. minimum fluorescence). Therefore, your experimental design should take these controls into account. Below are examples of in vitro and in vivo assays using CFSE to measure CD8+ T cell division by flow cytometry. 
3.1) In vitro stimulation
3.2) In vivo stimulation
Discussion
In order to appreciate how CFSE works and why rapid uniform labeling is required for its use in proliferation analysis, it is useful to understand the molecular basis of CFSE cell labeling. This can be divided into two phases, 1) Cell entry and 2) Protein labeling ( Figure 3 ). 1) Cell entry: Entry of the dye in to the cell is mediated by the diacetylated form of the dye, carboxyfluorescein diacetate succinimidyl ester (CFDA, SE). The
